The development of nanofluidic energy harvesting system plays a fundamental role in harvesting osmotic power from Gibbs free energy within salt concentration gradient, which is considered as a future clean and renewable energy source. In this study, a silica-nanochannel based nanofluidic energy harvesting system was fabricated and its output power 
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Introduction
Over the past decades, the utilization of Gibbs free energy released during the mixing of river and sea water has boosted a broad spectrum of interests and is widely recognized as a promising renewable-energy source owing to its environmentally friendly, large reserves and easy accessibility. [1] [2] [3] The osmotic power can be generated by alternately stacking layers of cation/anion selective membranes which separate different concentrations of salt solutions. [4] [5] [6] The ions diffuse spontaneously to the opposite directions due to the chemical potential gradient arises at the interface of these two liquids. The Gibbs free energy of mixing can be continuously converted into electrical energy by means of net diffusion current. The energy conversion process is called reverse electrodialysis (RED). [4] [5] [6] Thus far, many advancements have been made to design and explore the membranes for viable energy harvesting. [7, 8] However, the high membrane resistance and to-be-optimized ion selectivity remain the major bottlenecks to obtain high energy conversion efficiency thus impeding their practical applications. [5, 9] Recently, nanofluidic channel systems have been proposed as new candidate to harness the osmotic energy owing to its high ionic throughput and excellent ion selectivity caused by surface charge effect. [10] [11] [12] Concerning the recent reports on nanofluidic/microfluidic RED, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] the harvested power density up to 2.6 × 10 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t the generated electric power would decrease by reducing the channel length (L< 400nm). [26] According to our previous research, it was ascribed to the strong short channel effect, particularly at the low-concentration end, which eventually weakens the ion selectivity of the nanochannels. [27, 28] Therefore, to achieve the largest energy harvesting efficiency the optimal nanochannel/nanopore length should be in the range of 400 to 1000 nm. [26] Here, we demonstrate a silica-nanochannel based nanofluidic energy harvesting system driven by KCl concentration gradient as shown in Fig.1a .
Silicon nanochannel with the lengths ~715 nm was fabricated by electron beam lithography as shown in Fig.1d . The power generation and the 
Experimental details

Fabrication of nanochannel
Briefly, nanochannel patterns were delineated by an electron beam lithography (EBL) technique using the resist ZEP-520A on a 10 mm square piece of a (100)-oriented silicon wafer coated with a 300 nm SiO 2 layer. A c c e p t e d M a n u s c r i p t
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The sample was then immersed in xylene and isopropanol for 70 seconds and 30 seconds, respectively, to peel off the EB resist. In the next step, the sample was subjected to CF 4 
Sealing of nanochannel and current-voltage characteristic measurements
To reduce the noise during current measurements, a 500 μm thick polydimethylsiloxane (PDMS) sheet with four 2 mm diameter holes was prepared(two for inserting Ag/AgCl electrodes and the other two for the inlet and outlet of KCl solution) through oxygen plasma treatments to activate the surface and then sealed onto the nanochannel chip . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t
across the nanochannel was considered unchanged during the currentvoltage (I-V) measurements since the mixed volume through the single nanochannel was negligible compared to the reservoir capacity (~1.6 mL each) during the measurement time. All the experiments were conducted at room temperatures.
Results and Discussion
Ionic current-voltage characteristic
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Where L is the channel length, ± is the mobility of cations/anions, Λ ± is the line density of cations/anions along the nanochannel axis direction: 
Energy harvesting characteristics
To evaluate the energy harvesting characteristics of silica-based nanofluidic device, the open circuit voltage (V oc ) , short circuit current (I sc ) and output power density were investigated under a series of KCl concentration gradients.
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= (Σ)
Here the (Σ) denotes the ion selectivity [42] for the SiO 2 nanochannel (and equals 1 for the ideal cation-selective case, and 0 for the non-selective case), which is defined as (Σ) = + − − , with + and − as the transference numbers for cations and anions respectively. , , and are the Faraday constant, the universal gas constant, the temperature and the mean activity coefficient, respectively. By fitting the experimental data presented in Fig. 3a to the above equation, we find the mean ion-selectivity coefficient (Σ) is to be 0.78, suggesting high selectivity of cations. We systematically measured the dependence of I sc and V oc on the concentration gradient. The high concentration at cis reservoir (C cis ) was fixed at 1 M, while the low concentration at trans reservoir (C trans ) was gradually increased from 0.1 mM to 1 M, with the concentration gradient ratio defined as C cis /C trans . As shown in Fig.4 , when C cis /C trans increased from 1 to 10000-fold, V oc experienced a peak value at medium Page 10 of 16 AUTHOR SUBMITTED MANUSCRIPT -NANO-120591. R1   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t
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concentration gradient of about 1000-fold (blue line in Fig. 3a) , while I sc gradually increased from zero to about 280 pA and then decreased (red line in Fig. 3b ). Since the ion diffusion is driven by the concentration gradient, a higher concentration gradient should result in higher V oc and I sc .
However, the surface charge density decreses due to the decrease of C trans , leading to the decreased ion selectivity by surface effect, eventually result in the decrease of V oc when the concentration gradient reached 1000-fold. [32, 33, 35, 43] Meanwhile, the resistance of the nanochannel 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t
channel length generally promotes the diffusion current under salt gradient.
On the other hand, it will greatly undermines the transmembrane concentration difference across nanochannels when decreasing the channel length and thus reduce the ion selectivity of nanochannel. [26, 28, 44] These two competing factors result in a moderate length (715nm) of nanochannel would make a good balance between in the resistance and the ion selectivity of nanochannel, and then lead to a high output power density. [26] 
Conclusion
In summary, we have demonstrated a nanofluidic power generator based on a CMOS compatible nanochannel that can efficiently convert Gibbs free energy to electrical one by exploiting the ion-concentration gradient effect. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t
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